Abstract Adequate postural control is a prerequisite for daily activities such as reaching for an object. However, knowledge on the relationship between postural adjustments and the quality of reaching movements during human ontogeny is scarce. Therefore we evaluated the development of the relationship between the kinematic features of reaching movements and the accompanying postural adjustments in young infants. Twelve typically developing (TD) infants were assessed twice, i.e. at 4 and 6 months of age, in supine and supported sitting position. Reaching was elicited by presenting toys in the midline at an arm-length distance while simultaneously surface EMGactivity was recorded from multiple arm-, neck-, trunk-and leg muscles. Concurrently kinematics of reaching were recorded with an ELITE system; kinematic analysis was restricted to the behaviour of so-called movement units, which are sub movements of reaching determined with the help of peaks in the velocity proWle of the hand, maximum movement velocity and movement duration. A computeralgorithm determined signiWcant phasic muscle activity. Activity in neck and trunk muscles (postural activity) was related to the onset of the prime mover, which was the arm muscle being activated Wrst. The results indicated that about 50% of reaching movements in lying and sitting infants aged 4 and 6 months were accompanied by direction-speciWc postural adjustments. At 4 months variation dominated, but at 6 months a preference to recruit muscles in a top-down order (during sitting) and in the conWguration of the complete pattern, i.e. the pattern in which all dorsal neck-and trunk muscles are activated in concert, (both conditions) emerged. Interestingly, the postural characteristics such as the presence of direction-speciWcity, recruitment of the complete pattern and top-down recruitment, were related to how successful the reaching was and the kinematics of reaching. It was concluded that the presence of direction-speciWc activity is not a prerequisite for the emergence of reaching movements. Nevertheless, already from 4 months onwards a better postural control is associated with a larger success and a better quality of reaching.
Introduction
Adequate postural control is a prerequisite for daily activities such as reaching. The tight link between posture and reaching is reXected by the presence of postural adjustments accompanying reaching movements (Massion 1998) .
It is well known that also during infancy posture aVects reaching behaviour. For instance, it has been demonstrated that young infants, who lack adequate head and trunk control, can perform aimed arm movements towards a toy when they are Wrmly supported in a reclined or upright sitting position (Amiel Tison and Grenier 1983; von Hofsten 1982) . Without such support these aimed movements cannot be performed. Other studies indicated that a comparable relationship between postural support and the ability to produce successful reaching movements is present in older infants (Rochat 1992; Savelsberg and Van der Kamp 1994; Hopkins and Rönnqvist 2002) .
Little is however known on the relationship between the organization of postural control and the quality of reaching during early infancy. The development of postural control and that of reaching has been studied mainly as isolated phenomena.
Kinematical characteristics of reaching have been studied in infants sitting in an infant chair or while lying supine from 3 months onwards. Initially, around 3 months of age reaching movements are characterised by variation, i.e. by irregular and fragmented trajectories, but during the following 2 months reaching trajectories rapidly become more smooth and Xuent. Reaching movements also becomes more successful, i.e. they usually result in grasping of an object between 4 and 5 months of age (Van der Fits et al. 1999a, b) . The major qualitative changes of reaching movements consist of an increase in movement velocity and a decrease in the number of trajectory corrections (Von Hofsten 1991; Thelen et al. 1993) . These corrections are termed movement units (MU) and are submovements of reaching, which are determined with the help of peaks in the velocity proWle of the hand (Von Hofsten 1991) . During the Wrst half year of life, the kinematical characteristics of reaching seem to depend on the child's position: reaching movements in supine (Fallang et al. 2000) consist of more MU than those performed in a secured sitting position (Out et al. 1997) .
The development of postural control is characterised by a protracted course (Hadders-Algra 2005) . Recent data of Hedberg et al. (2004) suggested that the basic level of control in the organization of postural adjustments might have an innate origin. This level of control is involved in the generation of basic direction-speciWc adjustments. Direction-speciWcity means that perturbations inducing a forward sway of the body, such as reaching movements, are accompanied by postural activity in the muscles on the dorsal side of the body, whereas perturbations inducing a backward body sway are accompanied by activity in the 'ventral' muscles (Forssberg and Hirschfeld 1994) . Functional activity at the second level of control, which is involved in the Wne-tuning of the basic postural pattern on the basis of multi-sensorial aVerent input from somatosensory, visual, and vestibular systems, seems to emerge around 6 months of age. This modulation can be achieved in various ways, for instance, by changing the number of direction-speciWc muscles recruited or by modifying the order in which the direction-speciWc muscles are recruited (e.g. in a caudal-tocranial sequence or in a reverse order).
The studies of Van der Fits (1999a, b) indicated that postural adjustments during reaching are direction-speciWc from the moment the infant is able to produce reaching movements, which end in successful grasping. The direction-speciWc adjustments during reaching at early age are characterised by variability, for instance, by variation in which muscle is recruited and variation in recruitment order. However the Van der Fits' studies indicated that within the variation some age-speciWc diVerences in postural activity might be observed. The studies suggested that between 4 and 6 months the number of direction-speciWc muscles recruited decreased and after the age of 6 months it increased again. From early reaching age onwards, recruitment of postural muscles during supported sitting seemed to follow a cranio-caudal order, an organization, which became more prominent with increasing age. However, during unsupported sitting, an ability, which in general emerges between 6 and 8 months (Piper and Darah 1994) , infants initially recruited postural muscles in a caudo-cranial order. This dominance of bottom-up recruitment during independent sitting disappears around the age of 2 years (Van der Heide et al. 2003) . The diVerence in recruitment order between the two sitting conditions is an illustration of the Wnding that from 6 months onwards infants gradually develop the capacity to Wne-tune postural activity to task constraints (Hadders-Algra 2005) .
Early interdependence of control of reaching and posture is supported by a longitudinal study of four infants by Thelen and Spencer (1998) . They reported an increased muscle activity in the deltoid and trapezius muscles concurrent with the onset of successful reaching. This might be interpreted as the emerging stabilization of head and shoulder providing a supporting frame for reaching. Fallang et al. (2000) who studied kinematics of reaching in supine with accompanying kinetics of postural control reported that at the age of 4 months, a better general postural stability was associated with a better reaching performance. In addition they found that at the age of 6 months the kinematic features of the reaching movements were only weakly related to the way posture in supine was organised. The authors suggested that the age-related change in the association between postural activity and reaching performance might point to the emergence of a more subtle organization of postural adjustments. Currently, no information is available on the relationship between neck-, trunk-and leg-muscle activities and the kinematics of reaching during infant development.
The aim of the present study is to evaluate the development of this relationship in supine and sitting condition at 4 and 6 months. The present study diVered in three important aspects from the Van der Fits' studies. First, the present study combined EMG recording of postural muscles with the kinematics of reaching. Second, we did not record activity of one upper extremity muscle (i.e. the deltoid), but of multiple arm-and shoulder muscles, each of which could act as a so-called prime mover, i.e. the arm muscle recruited Wrst during reaching. Recent data indicated that children show considerable variation in prime mover activity and that in less than half of the reaching movements the deltoid muscle is used as prime mover (Van der Heide et al. 2003) . Third, we used a more precise deWnition of direction-speciWc trials. In the Van der Fits' studies a trial was classiWed as direction-speciWc when direction-speciWcity was present at one of the body-levels recorded, whether or not postural activity at other levels of the body was direction-speciWc. In the present study we used a more stringent deWnition of direction-speciWcity: postural activity at all levels of the body had to fulWl the criteria for direction speciWcity (see Sect. "Methods"). Recently, the more stringent deWnition has also been used in other studies (Van der Heide et al. 2003; Hedberg et al. 2004) .
Our study addressed the following questions: (1) Do diVerences in study design between the Van der Fits' studies and the current study result in diVerent Wndings on postural adjustments? For instance, we expected that a stricter deWnition of direction-speciWcity would reduce the number of trials fulWlling the criterion for direction-speciWcity.
(2) Are indicators of better postural organization at early age associated with better organised reaching movements? We regarded the presence of direction speciWcity or a cranio-caudal recruitment for instance as indicators of better postural organization. Better reaching movements were movements consisting of fewer MUs, in which the Wrst MU, i.e. the transport MU, covered a larger part of the movement, and movements with a higher velocity.
Methods

Subjects
Thirteen full-term healthy infants (seven girls, six boys) participated in the study. They were assessed twice, i.e. at the ages of 4 and 6 months. The children were recruited from amongst acquaintances of the investigators. The infants' gestational age at birth varied from 38 to 42 weeks postmenstrual age (median value: 39 weeks); birth weight from 2,930 to 4,280 grams (mean: 3,582 g; SD: 468 g). All children had a typical motor development. The parents of the infants gave informed consent and the procedures were approved by the ethics committee of the UMCG.
Protocol
The infants were tested in two positions: lying supine and sitting upright in an infant chair. The infant chair had a back-support and a horizontal bar at the front which could be adjusted so that the bar was located at the level between midway the nipple line and umbilicus (Fig. 1) . Reaching was elicited by presenting small, attractive toys in the midline and at an arm length distance. Toys were only presented when the infant was in a calm and alert behavioural state. We aimed at recording at least ten reaching movements with the right arm in each position, but when the infant became fussy or tired the session was shortened. In order to conWrm neurological integrity a standardised neurological examination according to Prechtl (1977) 18 with age-speciWc adaptations of the norms according to Touwen (1976) 13 was carried out after each reaching session.
EMG and kinematical recordings EMG was measured continuously during the testing session with bipolar surface electrodes with an interelectrode distance of 14 mm on the following muscles: deltoid (DE), pectoralis major (PM), biceps brachii (BB), triceps brachii (TB), neck Xexor (NF, sternocleidomastoid), neck extensor (NE), rectus abdominis (RA), thoracal extensor (TE), lumbar extensor (LE), rectus femoris (RF), and hamstrings (HAM) on the right side of the body. DE, PM, BB and TB are referred to as arm muscles, NF, NE, RA, TE, LE, RF and HAM as postural muscles. EMG signal were acquired by means of an electro-physiological front-end ampliWer (Twente Medical Systems International, Enschede, the Netherlands) The EMG activity was pre-processed and recorded continuously with POLY, a software program for long-lasting polygraphic recordings (Inspector Research Systems, Amsterdam, the Netherlands) at a sample rate of 500 Hz. Simultaneously, split-screen video recordings were made from a lateral and frontal view of the infant. The video registrations were time-coupled to the EMG recordings. The reaching session took about 30 min. The numbers of trials with appropriate EMG recording included in the analyses are displayed in Table 1 . Simultaneous with the EMG recordings, movements were recorded kinematically with an ELITE system (BTS, Milan, Italy) in a two-camera conWguration at a sampling frequency of 50 Hz. A reXective marker was placed at the right side of the body on the styloid process of the radius. Sampling of the kinematical data started some seconds before toy presentation and lasted for 10 s. The periods of kinematical sampling were indicated on the EMG recording. The numbers of trials with appropriate kinematical recording included in the analyses are displayed in Table 1 .
Video and EMG analysis
The video recordings served two purposes. First, the video was used to select movements in an appropriate attentional state, performed with the right arm. Second, the video was used for classiWcation of the behaviour of the movements of the right arm during toy presentation. Movements could be classiWed as pre-reaching movements (Trevarthen 1984) , reaching movements which did not end in toy contact, reaching movements which did end in toy contact and reaching movements which ended in grasping of the toy. EMG and kinematical analyses were restricted to trials during which the child's reaching movement either ended in toy contact or grasping (successful reaches).
For the EMG analysis, a computer algorithm was used for the detection of phasic muscle activity. The algorithm used a derivative of the root mean square of a full-rectiWed signal (200 ms moving window), and marked signiWcant deviations from a Wxed detection level. The detection level was based upon a signiWcant increase in muscle activity of a long-term (3.7 s) mean baseline activity. EMG bursts were detected when the activity exceeded the detection level for at least 50 ms (Van der Fits et al. 1998; 1999a, b) . The activity of the neck, trunk and leg muscles was considered to be related to the arm movement when increased muscle activity was found within a time window of 200 ms before activation of the prime mover, i.e. the arm muscle that was activated Wrst (virtually always DE, PM or BB) and 500 ms after activation of the prime mover had ended.
For each infant, each condition and each age the following parameters were calculated: (1) Percentage of directionspeciWc trials; direction-speciWcity meant that both at neck-and trunk level the 'direction-speciWc' (i.e., dorsal) muscle was recruited prior to the ventral muscle or without activation of the antagonistic ventral muscle. The other EMG-parameters were only calculated for trials with direction-speciWc postural activity. Additional EMG-parameters were: (2) Patterns of postural adjustments where patterns consist of the speciWc combinations in which directionspeciWc muscles are activated in concert. (3) The preference pattern deWned as the pattern present in at least 50% of the trials. (4) The latencies of recruitment of postural muscles, deWned as the time interval between the onset of the prime mover and the onset of activity in the postural muscle. For each infant, age, and position median latency values were calculated. (5) The percentage of trials with top-down recruitment. Recruitment order could only be determined when at least two direction-speciWc muscles showed signiWcant phasic activity.
Kinematical analysis
OVline kinematical analysis was carried out with the help of the software package MatLab (The Mathworks Inc.) Wles (E. Otten, The Center for Human Movement Sciences Groningen, University of Groningen). Arm movement onset was deWned as the moment at which the 3D velocity of the wrist increased ¸5% of peak velocity, whereas the moment at which 3D wrist velocity decreased to ·5% of peak velocity was considered as the end of the movement. The data were Wltered using a low-pass Wlter of 6 Hz with zero time lag. In the kinematical analysis, only trials which met the above-mentioned criteria were included; they were matched to the corresponding EMG-trial (Table 1) . We used the following parameters to describe the reaching movements: (1) The number of MU per trial. A MU consisted of one acceleration and deceleration in the velocity proWle of the wrist marker. (2) The duration of the reaching movement. (3) The relative duration of the Wrst MU (the transport MU) in relation to total duration and (4) maximum reaching velocity. From the kinematical parameters median values were calculated for each infant, each condition, and each age separately for trials with direction-speciWc postural activity and for those without. Next, for direction-speciWc trials median values were calculated for each infant, age and condition (1) for trials in which the pattern where all three dorsal neck and trunk postural muscles were recruited was present and for trials with another postural pattern and (2) for trials in which postural muscles were top-down recruited and for those without top-down recruitment.
Statistics
Statistical analyses were performed using the computer package SPSS (version 12.1). Due to the non-normal distribution of the data-a Wnding, which is typical for infancynon-parametric statistics were used. For the analyses of the eVect of age and condition on the EMG and kinematical parameters the paired Wilcoxon test was used. Due to dataloss in the kinematical recordings-a well-known problem in infant research (Van der Fits et al. 1999b)-it was not possible to use the Wilcoxon test for the analyses of the kinematical data and the analyses of the relationships between the postural and reaching data. In these cases we decided to use the Mann-Whitney U-test. Throughout the analyses, diVerences with a p < 0.05 were considered statistically signiWcant. Figure 2 shows representative examples of postural activity during reaching at both ages in both conditions. In accordance with the Van der Fits' studies (1999a,b) we found that leg muscle activity in infants lying supine and sitting without foot support was not related to postural control. Therefore leg muscle activity was not included in the analyses. But in contrast to the previous data of Van der Fits et al. (1999a, b) , who reported consistent direction-speciWc postural activity during reaching from 4 months onwards, we found that typically developing infants at 4 and 6 months showed direction-speciWc postural activity in about 50% of the trials both in supine and in the supported sitting condition. The diVerence in Wndings can be explained by the diVerence in deWnition of a direction-speciWc trial. The occurrence of direction-speciWcity was independent of the child's age and position ( Table 2 ).
Results
Postural adjustments
The direction-speciWc trials were characterised by variation in which direction-speciWc muscles were recruited, in the timing and the amplitudes of the phasic bursts. The 4-months-olds also varied in preference pattern (Fig. 3 ). But at 6 months-in both conditions-a preference for the complete pattern, i.e. the pattern during which NE, TE and LE were activated in concert, emerged ( Fig. 3 ; age eVect, Wilcoxon supine: p = 0.02 sitting: p = 0.03). This Wnding diVers from the Van der Fits's data (1999a, b), which Horizontal lines delineate the presence of signiWcant EMG bursts as deWned by the computer algorithm. The prime mover is the arm muscle which Wrst shows phasic activity, for instance the prime mover in the left hand upper panel is PM. Direction-speciWc activity in this panel is absent in neck (NF recruited prior to NE) and trunk (RA recruited without TE or LE). Both examples at 6 months show direction-speciWc postural adjustments: direction-speciWc activity is present at the level of neck an trunk indicated that selection of the complete pattern emerged after the age of 6 months. The latencies to recruitment of the direction-speciWc muscles were not aVected by age or condition (Table 3) . Nevertheless, a developmental trend in recruitment order could be distinguished. At 4 months about 20-30% of the trials showed top-down recruitment. At 6 months, a similar rate of top-down recruitment was found in supine position. But in the sitting condition it had increased upto 65% ( Fig. 4 ; Wilcoxon: p = 0.004).
Kinematics of reaching
Typical examples of the kinematics of reaching are presented in Fig. 5 . At 4 months of age the infants showed a variable number of MU in supine and sitting position. The number varied between 3 and 6 MU and was independent of position. In supine position, the number of MU did not change with increasing age, but in sitting it did: at 6 months sitting infants used less MU than at 4 months (Mann-Whitney U: p = 0.01; Table 4) .
Reaching movements at 4 and 6 months lasted for about 0.5 s (median values 0.50-0.67 s; Table 4 ). In supine movement duration did not change with age, but in sitting it decreased signiWcantly from 0.67 s at 4 months to 0.54 s at 6 months (Mann-Whitney U: p = 0.047; Table 4 ).
Similar developmental changes were found in the relative duration of the transport unit. In supine position the transport unit covered about 30% of reaching duration at both ages, but in sitting the relative duration changed from 28% at 4 months to 37% at 6 months (Mann-Whitney U: p = 0.01; Table 4 ).
Postural activity aVects reaching
In order to see whether the presence of direction-speciWc postural activity aVected the success of reaching, we classiWed infants as 'direction-speciWc' when at least 50% of trials in a speciWc condition showed direction-speciWc postural activity.
In supine position, the presence of direction-speciWcity tended to be related to success of reaching at 4 months: reaching ended in successful touching or grasping in 76% of the trials of infants with direction-speciWc postural activity and in 40% (median values) of the trials of infants who lacked suYcient direction-speciWc activity. The diVerence did however not reach statistical signiWcance. At 6 months the success of reaching in supine position was not aVected by the presence of direction-speciWc activity ('directionspeciWc' infants: 93% of reaches successful, 'non-directionspeciWc' infants: 100%). However, in sitting the presence of direction speciWcity was related to success of reaching.
At 4 months reaching during sitting ended in successful touching or grasping of the toy in 46% of the trials of infants with direction-speciWc postural activity and in 0% (median values) of the trials of infants who lacked suYcient direction-speciWc activity (Mann-Whitney U: p = 0.004). At 6 months reaching during sitting was successful in 81% of the trials of 'direction-speciWc' infants and in 36% of the trials of infants with limited direction-speciWc activity (Mann-Whitney U: p = 0.046).
At 4 months of age, the presence or absence of consistent direction-speciWc postural activity did not aVect the kinematical characteristics of the successful reaches. But at 6 months reaches in supine position, which were accompanied by direction-speciWc activity had less MU and a relatively longer duration of the transport MU than reaches without direction speciWc activity (both eVects: MannWhitney: p = 0.01). The eVect of direction-speciWcity on the relative duration of the transport MU was also present in sitting position (Mann-Whitney: p = 0.003). DirectionspeciWcity was not related to the duration of reaching. The relative duration of the transport unit-and not the number of MU or the total duration of the reaching movement-was also related to other postural characteristics. At 6 months, the relative duration of the transport MU of reaching movements which were accompanied by the complete postural pattern in which NE, TE and LE were activated in concert, was signiWcantly longer than that in reaching movements accompanied by other directionspeciWc postural patterns (Mann-Whitney U supine: p = 0.03; sitting: p = 0.02; Table 5 ). In addition, the relative duration of the transport MU was longer during reaching movements accompanied by direction-speciWc activity with top-down recruitment than during reaches without top-down recruitment. The eVect was present at both ages and in both conditions (Fig. 6) .
Discussion
The present study demonstrated that about 50% of reaching movements in lying and sitting infants aged 4 and 6 months are accompanied by direction-speciWc postural adjustments. At 4 months variation dominates, but at 6 months a preference to recruit muscles in a top-down order (during sitting) and in the conWguration of the complete pattern (both conditions) has emerged. Interestingly, the postural characteristics were related to the success and the kinematics of reaching. Our Wndings diVer from those of the Van der Fits studies. The diVerences mainly can be attributed to the more precise deWnition of direction-speciWc trials in the present study. The more precise deWnition resulted in substantially lower rates of direction-speciWcity. The studies of Hedberg et al. (2004 Hedberg et al. ( , 2005 indicated that direction-speciWcitydeWned in the same precise manner as in the current study-is virtually always present in young sitting infants when their balance is grossly perturbed by a sudden movement of the support surface. The postural threat during reaching while lying supine or while sitting supported is considerably less. Apparently young infants adopt direction-speciWc activity only in 50% of trials in this less dangerous situation. The study of Van der Heide et al. (2003) , showed that older children do use consistently directionspeciWc adjustments while reaching in a stable sitting position. The youngest children whom they had studied were 2 years old. This means that it is currently unclear at which age the consistent recruitment of direction-speciWcity emerges. The Wnding that only 50% of reaching movements of young infants were accompanied by direction-speciWcity also indicates that direction-speciWcity is not a prerequisite for the generation of reaching movements.
The more precise deWnition of the direction-speciWc trials may also explain why our developmental results diVered from the Van der Fits et al. studies. Due to their more liberal deWnition of direction-speciWcity they Wrst found a decrease in number of muscles recruited with increasing age. First after the age of 6 months an increase in number of muscles recruited was reported, including the increased selection of the complete pattern. By including only strictly deWned direction-speciWc trials into the developmental analyses, we were able to Wnd developmental trends, which previously remained obscure. In this way we were able to show that within the age period of 4-6 months infants develop the capacity to select 'better' postural patterns, i.e. postural activity which was associated with reaching movements with a better kinematic quality.
At 6 months the infants signiWcantly more often selected the complete pattern in which all dorsal neck and trunk muscles were activated in concert and a postural adjustment with top-down recruitment. The selection of top-down recruitment was only found in the posturally more challenging position of sitting. The developmental sequence from variation to selection Wts very well to the ideas of the Neuronal Group Selection Theory (NGST: Edelman 1989; Hadders-Algra 2000). According to NGST motor development is characterised by two phases of variability. During the phase of primary variability motor behaviour is variable, but not geared to external conditions. Next, the phase of secondary variability takes over, during which motor performance can be adapted to speciWc situations. The transition from primary to secondary variability occurs at function-speciWc ages. The current data indicate that with respect to the development of postural adjustments during reaching the transition occurs between 4 and 6 months.
Our study underscores the notion of the importance of postural control for the success and quality of reaching. The data indicated that-although direction-speciWcity turned out not to be a prerequisite for being able to reach-the presence of direction-speciWc activity in sitting resulted in a higher proportion of reaches which ended successfully in touching or grasping of the object. The eVect was not present in supine position, which probably is due to the stable nature of this position. The stability and ease of the supine position compared to that of the sitting position is illustrated by the higher rate of success of reaching in the former situation. At the age of 4 months the organization of postural adjustments only had a minor eVect on the kinematical quality of reaching movements. At this age only the presence of top-down recruitment was related to a longer relative duration of the transport MU. A Wnding which might indicate that also in early infancy head stabilization in space is a major goal in postural control (Pozzo et al. 1990) . It is noteworthy that elongation of the transport MU correlated in particular to improved postural control, not only at 4 months but also and even more so at 6 months. As the transport MU is the part of the reaching movement which is largely determined by feedforward programming (Von Hofsten et al. 1998) , the Wnding suggests that between 4 and 6 months feedforward processes become increasingly important in the control of reaching and its associated postural adjustments (cf. Massion 1998).
Concluding remarks
The present study showed that in early infancy postural adjustments during reaching are not consistently accompanied by direction-speciWcity and that the presence of direction-speciWc postural activity is not a prerequisite for successful reaching. Postural development proceeded from variable activity at 4 months to a preference for the in-concert activation of the direction-speciWc neck-and trunk muscles and-in sitting position only-a preference for top-down recruitment. Our study was the Wrst one to demonstrate that markers of better postural control in young infants such as direction-speciWcity, selection of the complete pattern and the presence of top-down recruitment were related to more success in reaching and a better kinematical quality of reaching movements. 6 Left half: Number of MU during reaching in trials with direction-speciWc postural activity and in trials in which direction-speciWc activity was not present. Right half: Relative duration of the transport MU (the Wrst MU) during reaching in trials with direction-speciWc postural activity and in trials in which direction-speciWc activity was not present. The upper panels show data at 4 months, the lower panels at 6 months. In each half-Wgure, the left panels show data on supine position and right panels the data on sitting position. Bold horizontal lines indicate median values, the boxes represent interquartile ranges and the vertical lines complete ranges. *Mann-Whitney U, p = 0.02
